The aim of this work is to review the concepts of time in quantum field theory and general relativity to show their incompatibility. We prove that the absolute character of Newtonian time is present in quantum mechanics and also partially in quantum field theories which consider the Minkowski metric as the background spacetime. We discuss the problems which this non-dynamical time causes in general relativity, a theory characterized by a local dynamical spacetime.
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Time in quantum mechanics is a Newtonian time, i.e., an absolute global time. In fact, the two main methods of quantization, namely, canonical quantization method due to Dirac and Feynman's path integral method are based on classical constraints which become operators annihilating the physical states, and on the sum over all possible classical trajectories, sum over histories, respectively. Therefore, both quantization methods rely on the Newtonian global and absolute time [1] . The absolute character of time in quantum mechanics results crucial for its interpretation, i.e., matrix elements are evaluated at fixed time and the internal product is conserved in time.
Time is part of the classical background, which is needed for the interpretation of measurements. The introduction of a time operator in quantum mechanics is thus problematic [2, 3] . The time parameter appears explicitly in the Schrödinger equation. Since time is absolute it can be factorized, reducing the quantization problem to the construction of a Hilbert space for stationary states.
The transition to (special) relativistic quantum field theories can be realized by replacing the unique absolute Newtonian external time by a set of timelike parameters associated to the naturally distinguished family of relativistic inertial frames. Therefore, time continues to be treated as a background external parameter.
Time in general relativity is dynamical and local. It is not an absolute external time. The geometry of spacetime influences material clocks in order to allow them to display proper time, and the clocks react on the metric changing the geometry. The metric itself results to be a clock, and the quantization of the metric can be understood as a quantization of time [4] .
Quantization methods, when applied to general relativity lead to the Wheeler-DeWitt equation [5, 6] , a second order functional differential equation. General relativity does not seem to possess a natural time variable, while quantum theory relies quite heavily on a preferred time. Since the nature of time in quantum gravity is not yet clear, the quantum constraints of general relativity do not contain any time parameter, and one speaks of the time arbitrariness problem [7] .
In canonical quantization time plays a very important role. First, the mere fact that one needs to know the Hamiltonian H of the system implies that a certain time parameter has to be chosen in order to define the variables in phase space. Let us briefly recall the basic axioms of quantum mechanics for systems with only bosonic degrees of freedom:
(1) There exists a Hilbert space H for the quantum system and the elements of H are the quantum states |ψ of the system.
The Hilbert space is supposed to be endowed with an inner product, i.e., a positive definite Hermitian norm on H. The time used in classical mechanics is the absolute Newtonian time which is defined up to constant linear transformations. Thus, the conjugate momenta are determined up to a multiplicative constant, which does not affect the main structure of the phase space.
This absolute time is then used with no changes in the quantization scheme described in the above axioms. Time enters explicitly into axioms (3) and (5) since the commutation relations must be satisfied at a given moment in time and the results of any observation lead to expectation values which are well-defined only if time is fixed. This crucial role of time can be rephrased in terms of the wave function. Indeed, if we define the wave function ψ(t, x) as ψ(t, x) = x|ψ(t) , fixing its normalization means that it must be normalized at a fixed time.
The equation of evolution represents changing relations amongst the fundamental entities (operators) of this construction. When time changes, Heisenberg's equation explains which operator in Hilbert space corresponds to the new state of the physical system. These observations indicate that in canonical quantization time is an "external" parameter. It is not a fundamental element of the scheme, but it must be introduced from outside as an absolute parameter which coincides with the Newtonian time.
The transition to quantum field theory is performed in a straightforward manner, although many technical details have to be taken into account. The main variables are now the value of the field ϕ(x) at each spatial point and its conjugate momentum π(x) for that particular value. The collection of all the values of the field, together with the values of the conjugate momenta, represents the variables of the new phase space.
Axioms (1)- (5) are postulated for the corresponding phase space variables. Some changes are necessary in order to consider the new "relativistic" time. In particular, the commutation relation [φ(x),φ(y)] = 0 is valid for any spacetime points x and y which are spacelike separated. The main difference in the treatment of fields is that the time parameter is that of special relativity. Instead of the absolute global Newtonian time, we now have a different parameter associated to each member of the distinguished class of inertial frames. Nevertheless, in special relativity spacetime retains much of the Newtonian scheme. Although it is not possible to find an absolute difference between space and time, spacetime is still an external element of the quantum theory, which does not interact with the field under consideration. That is to say, spacetime remains as a background entity on which one describes the classical (relativistic) and quantum behavior of the field.
Spacetime in quantum field theory is therefore an external entity like the absolute external global time in quantum mechanics. The dynamics of the field does not modify the properties of spacetime which is therefore a non-dynamical element of the theory, a background entity.
To implement the canonical quantization procedure in general relativity one needs to find the classical Hamiltonian. Such a formulation requires an explicit choice of time or, equivalently, a particular privileged foliation or slicing of spacetime into spatial hypersurfaces associated to the preferred chosen time. This is the Arnowitt-Deser-Misner (ADM) [10] approach which splits spacetime into space and time.
The pseudo-Riemannian manifold describing the gravitational field is therefore topologically equivalent to R × Σ t , where R represents the "time axis" and Σ t are constant-time hypersurfaces, each endowed with a set of three coordinates {x i } and a non-degenerate 3-metric q ij . The relationship between the local geometry on Σ t and the 4-geometry can be recovered by choosing an arbitrary point on Σ t with coordinates x i and displacing it by an infinitesi-
The result of this infinitesimal displacement induces an infinitesimal change in proper time τ , which can be written as
is the lapse function, and an infinitesimal change in spatial coordinates, which can be written as x δ(x, x ). This special slicing, in which the structure of the spatial hypersurfaces Σ t is determined as the t = const surfaces, leads to the first computational complication for the algebra of diffeomorphisms. The diffeomorphism invariance in the starting 4-dimensional spacetime is well defined in terms of the corresponding Lie group. When this spacetime diffeomorphism invariance is projected along and normal to the spacelike hypersurfaces Σ t , the explicit appearance of the 3-metric explicitly implies that the projected algebra of constraints is not a Lie algebra. This is a consequence of the choice of time which leads to considerable computational complications for quantization. One could try to choose a specific gauge in ac-cordance to the invariance associated with the above algebra, then solve the Hamiltonian and diffeomorphism constraints, and finally quantize the resulting system with the "true" degrees of freedom. It turns out that in general the final equations are tractable only perturbatively, and lead to ultraviolet divergences.
An alternative approach consists in applying the canonical quantization procedure to the complete collection of variables in phase space. 
In canonical quantization this is considered as the main dynamical equation of the theory, since classically the function(al) H ⊥ is associated with the generator of displacements in time-like directions. H ⊥ is the generator of the classical evolution in time. In analogy with quantum mechanics or quantum field theory one expects that the Wheeler-DeWitt equation determines the evolution among quantum states. Unfortunately, it makes no reference to time, i.e., all the quantities entering it are defined on the 3-dimensional hypersurface Σ t [11] . This is one of the most obvious manifestations of the problem of time in general relativity. We have a quantum theory in which the main dynamical equation can be solved without considering the evolution in time. Some researchers interpreted this result as an indication of the necessity of a completely different "timeless" approach to quantum theory [12] . This approach is still under construction and although, in principle, some conceptual problems can be solved some other problems related to "time ordering" and "time arbitrariness" appear which are, at best, as difficult as the above described problem of time.
The most accepted interpretation of the problem of time of the Wheeler-DeWitt equation is that time must be reintroduced into the quantum theory by means of an auxiliary physical entity whose values can be correlated with the values of other physical entities. This correlation allows, in principle, to analyze the evolution of physical quantities with respect to the "auxiliary internal time". Since there is no clear definition of the auxiliary internal time, one can only use the imagination to choose a quantity as the time parameter. For instance, if we have a physical quantity which classically evolves linearly with time, then it could be a good candidate for an auxiliary internal time. Although the linearity seems to be a reasonable criterion, it is not a necessary condition. Examples of this type of auxiliary internal time are the very well analyzed minisuperspaces [13] of quantum cosmology [14] . In particular, one could select the auxiliary internal time as one of the scale factors of homogeneous cosmological models. The volume element which is a combination of scale factors would be also a good choice since in most cases it evolves linearly in cosmic time and reproduces the main aspects of cosmological evolution. The volume element has also been used recently in loop quantum cosmology [15] as auxiliary internal time. Certain low energy limits in string theory contain a tachionic field which linearly evolves in time and, consequently, could be used as auxiliary internal time for quantization [16] . It is not clear at all if the procedure of fixing an auxiliary internal time can be performed in an exact manner and, if it can be done, whether the results of choosing different auxiliary internal times can be compared and are somehow related [7, 17, 18] . Finally, a controversial point is whether such an auxiliary internal time can be used to relate the usual concepts of spacetime.
The canonical quantization procedure implies that the fields to be quantized are defined on a background spacetime. In quantum field theory, the Minkowski spacetime with its set of preferred inertial frames plays the role of background spacetime. In general relativity there is no place for a background metric. In fact, the components of the metric are the physical entities we need to quantize. This provokes a new problem. If we succeed in quantizing the spacetime metric, we will obtain quantum fluctuations of the metric which make impossible the definition of spacelike, null, or timelike intervals. Nevertheless, the starting commutation relations require the existence of a well-defined spacetime interval. However, there is no background metric to define this causal structure. Moreover, if we would choose an arbitrary background metric, the quantum fluctuations of that metric could completely change the causal character of the interval. We are in a situation in which if we want to solve the original problem, we must violate one the most important postulates needed to find the solution. It seems to suggest that the notion of Hilbert space could be not a necessary ingredient of quantum gravity.
Quantum mechanics can also be formulated in terms of path integrals. At this point let us comment some of the features of this approach in order to fathom better if this model could be useful in connection with general relativity. A fleeting glance at this idea shows us that we require two elements in order to calculate a path integral. Firstly, a Hamiltonian and secondly, a timelike parameter [19, 20] .
The first element represents that predictions of the path integrals interpretation, in which the super-Hamiltonian is treated as an ordinary Hamiltonian, depend on which one of the classically equivalent super-Hamiltonians is chosen in the canonical path integral. The interpretation thus requires a commitment to one definite form of the constraints, i.e., to a particular foliation.
Moreover, the second element in path integral models, the timelike parameter τ , is a single parameter. In geometrodynamics, τ is replaced by an external time, each choice of τ corresponds to a choice of the foliation, i.e., to a choice of the lapse and shift multipliers. When evaluating the path integral one must make a definite choice. The resulting integral can be expected to depend on the choice of foliation. Therefore, the propagation of the state functional may depend on the foliation connecting the initial hypersurface with the final hypersurface. In other words, in order to calculate a path integral we require a parameter that has to be accepted as time, as a matter of fact a Newtonian time.
To say that quantum gravity makes sense only when the foliation is fixed, is essentially the same thing as saying that quantum gravity makes sense only in one coordinate system. Clearly, this approach inherits all the shortcomings already mentioned. This is no surprise since Feynman's formalism is equivalent to Schrödinger's model [21] , and, in consequence, no new options could be expected resorting to the path integral model.
Hence, the Hilbert space of square integrable functions over the entire configuration space does not seem to be a natural arena for interpreting a constrained system. This strongly suggests that the probabilistic interpretation of a constrained system should be based on fluxes through hypersurfaces rather than on densities in space.
Since the concepts of time in quantum mechanics and general relativity are drastically different from each other, generalizations of the usual quantum theory are required to deal with quantum spacetime and quantum cosmology. Quantum theory assumes a fixed background spacetime geometry. Nevertheless, at the quantum realm, spacetime geometry is not fixed, but it is a dynamical variable fluctuating and without definite value. It is not possible to determine whether two given nearby points on a spacetime manifold are spacelike separated or not. Instead, the amplitudes for predictions are sums over different metrics on the manifold. Additionally, points separated by a spacelike intervals in one metric could be timelike separated in another metric, which contributes just as significantly to the sum as the other one. Quantum theory does not provide a natural time parameter and the quantum constraints of general relativity do not contain any time parameter. For this reason, standard quantum mechanics needs to be generalized to accommodate quantum spacetime, very probably without a Hilbert space.
The application of quantum mechanics to quantum cosmology also requires another kind of generalization of the standard formulation. Standard quantum mechanics predicts the outcome of measurements carried out on a system by another system outside it. However, in cosmology there is no outside. Therefore, quantum cosmology requires a quantum mechanics for closed systems, i.e., a generalization of the standard quantum theory [22] . All the attempts to implement the canonical quantization procedure and the path integral approach to quantize systems in which time is not Newtonian do not provide a reasonable description of the corresponding quantum system. Summing up, quantum theory is very accurate, efficient and successful as far as the quantum phenomena do not interact with spacetime, which plays the role of a background entity. Nevertheless, it breaks down when spacetime is dynamical and therefore interacts with the quantum phenomena.
In our opinion [1] , it is not possible to reconciliate and integrate into a common scheme the absolute and non-dynamical character of Newtonian time of canonical quantization and path integral approaches with the relativistic and dynamical character of time in general relativity. What is needed is a radical change of perspective either in general relativity or in quantum mechanics. That is to say, we need either a theory of gravity with a non-dynamical Newtonian time, or a quantum theory with a dynamical time in its construction. A possibility is the formulation of a quantization procedure in which time has a more flexible behavior.
It is worthwhile to mention that other active quantization approaches like strings, causal sets, dynamical triangulations, and asymptotic freedom, which require a background geometry for their formulation, are less susceptible to the problem of time since they have already an external time. This issue is, of course, still an open problem.
